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HOFER, Herbert H. , Jr. Cinematographic analysis
of ball trajectory during free throw shooting
among members of the South Dakota State Univer
sity varsity basketball team. M.s. in Physical
Education, 1978, 39 p.
Two-hundred and twenty successful and 143 unsuccessful free
throw attempts, performed by 20 members of the South Dakota State Uni
versity men's varsity basketball team, were photographed. Components
of each trial which were analyzed included:

(1) angle of release,

(2) angle of entry, (3) height of the arch, (4) horizontal distance
of the point of release from the highest point of the arch, (5) hori
zontal distance of the highest point of the arch to the front of the
rim, and (6) height of the release.

The mean and standard deviation

values for each component were determined. A correlation analysis
revealed that of the 15 possible correlations between the components,
14 were significant at the .05 level.

Through the use of a discrimin

ant function analysis procedure, it was found that knowledge of the
horizontal distance of the point of release from the highest point of
the arch could be used to predict the outcome of free throw attempts
at an accuracy level of 66. 9 percent.
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CHAPTER I
INTRODUCTION

Significance of the Study
The skill of shooting is a significant factor in the game of
basketball.

Cousy has stated that, "Rebounding, passing, and defense

may be important aspects of basketball, but the entire game still re
volves around putting the ball through the hole.
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(25: 7)

Sharman

concurred with this observation when he reported that, "Regardless of
what else takes place on the court, accurate shooting is a must if a
team is to become and remain a strong contender. " (25: 21)
Even though the skill of shooting is regarded as the most
important aspect of the game by experienced players and coaches, there
are differing opinions as to the correct mechanics of execution.

The

proper arch of a shot, for example, is one focal point of disagree
ment.

Sharman and Wooden advocate an optimal arch of between 35 and

45 degrees (25: 43) (30: 85) , while Hartley and Fulton feel the arch
should be somewhere between 55 degrees and 60 degrees. (12: 129)
Schayes believes an excessive arching of the shot is the best. (22: 60)
In order to gain a more complete understanding of the flight
path of the ball, the present researcher cinematographically analyzed
the execution of the free throw.

The free throw was selected not only

because of its importance in the game of basketball, but also because
of its constant distance from the basket.

According to Sharman, "Free

throw shooting is directly responsible for many wins during a season,
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and many coaches feel rightly that it is the most important factor in
winning any close game.'' (25:83)

The objective of this analysis was

to identify the mechanical factors associated with the flight of the
ball that would increase the perfection of the skill of basketball
shooting.
Statement of the Problem
The purpose of the study was to cinematographically analyze
selected components of the free throw attempt in basketball.
The components selected for analysis in this study were:

(1)

angle of release, (2) angle of entry, (3) height of the arch, (4) hor
izontal distance of the point of release from the highest point of the
arch, (5) horizontal distance of the highest point of the arch to the
front of the rim, and (6) the height of the release.
Hypotheses
In the present study the following were purported as possible
hypotheses:
1.

There will be significant correlations between the com

ponents selected for analysis in the present study.
2.

There will be con�inations of the components selected for

analysis in the present study which can be used to predict successful
shooting perforrrence beyond random fluctuation.
Limitations and Delimitations
The following limitations and delimitations were present in
the study:
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1.

The present investigator analyzed only the set shot form of

free throw, which could be performed by using the chest or over-head
set shot methods, atterr�ted from a distance of 3.96 meters (13 feet)
from the front rim of the basket.
2.

Only members of the South Dakota State University Men's

Varsity Basketball Team were included as subjects.
3.

Cinematographical analysis was limited to films collected

through the use of a 35 millimeter camera located perpendicular to the
flight line of the shot to the basket.
4.

The location of the styloid process of the wrist was de

termined by palpation.
Definition of Terms
Angle of Entry.

The angle of the flight of the ball into the

basket in relation to the horizontal. (19:242)
Angle of Release.

The angle of the flight of the ball from the

shooter's hand in relation to the horizontal. (19: 240)
Arch.

The angle of trajectory of a free throw attempt. (18: 15)

Cinematographical Analysis.

A technique for making measure

ments from projected film. (9: 5)
Free Throw.

An unhindered try for a goal from within the free

throw circle and behind the free throw line. (26: 16)
Height of Arch.

The vertical distance between the bottom of the

ball and the floor. (19:241)
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Height of Release.

The vertical distance between the point of

ball release and the floor. (19:241)
Set Shot Free Throw.

A shot from the free throw l ine in which

the feet are stationary while the ball is released from one or both
of the hands at a point from the chest or over the head. (8:42-43)
Styloid Process.

A bony, projecting or non-articular eminence

of the ulna or radius. (14:211)

CHAPTER II
REVIEW OF RELATED LITERATURE
The review for the present study was divided into primary
sections dealing with investigations of shooting fundamentals, recom
mendations for shooting fundamentals, and cinematographical techniques.
Past Investigations of
Shooting Fundamentals
Mortimer stated that any ball in flight has speed and direction.
Any given speed when corr�ined with a specific direction results in a
distinct arch of flight.

In teaching the basketball shot some in

structors attempt to convey to the learner a concept of the correct
arch of flight.

To decrease the trial and error element of learning,

Mortimer analyzed the flight of a basketball and the probability of a
goal being scored by developing mathematical formulae.
determined the following measures:

These formulae

(1) limiting angle of flight at the

basket, (2) angle of projection when the angle at the basket was
known, and (3) high point of flight.

Subsequently, by assuming ver

tical angles of projection Mortimer found the optimum angle of pro
jection with the horizontal should be 58 degrees to allow the shooter
the greatest margin for error. (19:238)
Hudson investigated the one-handed free throw attempt of college
women at Purdue University by analyzing selected components of a film
of three free throw attempts of each subject and their relationship to
an accuracy test which consisted of 25 free throws.

From these data a
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computer program was developed which used selected coordinates of the
body and ball to calculate the angle of trajectory, ratio of height
of release to the subject height, backspin, velocities of wrist flex
ion, trunk inclination, and the ratio of the position of the center
of gravity to the base of support in the horizontal plane.

The mea

sures of wrist flexion, trunk inclination, and the center of gravity
were taken irrm1ediately prior to and following the release.

The best

predictor of a shooter's accuracy was found to be the height of re
lease to the subject height ratio. (18: 107)
Bunn used trigonometric calculations to show that, when strength
was not a factor, a high arched shot was more efficient because
larger opening of the rim" was available.
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a

He posited that the di

ameter of the opening was directly proportional to the angle of tra
jectory.

When the ball was shot at an angle of 60 degrees with the

plane of the rim, 86. 6 percent or 15. 58 inches of the diameter of the
basket were available as a target, at 45 degrees 70. 7 percent or 12. 72
inches were available, and at 30 degrees the area available was 50
percent of the rim or 9 inches.

Reduction of the angle of entry, con

sequently, increased proportionately the chances of the ball hitting
either the front or back edge of the rim and bouncing away from the
basket • (6: 254)
Hay used mathematical computations involving distance of the
shot from the basket, angle of entry into the basket, diameter of the
ball, margin of error for a shot of 15 feet and a 7-foot height of
release from the floor.

He found that an angle of release between
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49 degrees and 55 degrees increased the probability of a successful
attempt for a shooter than did any angle outside of that range.

The

preceding range of angles of release yielded trajectories with a "low
arch 11 rather than the

11

medium arch" or "high arch" advocated by most

expects. (15:226)
Mullaney, through mathematical calculations, found that the best
possible angle of entry into the basket for a free throw was 45 degrees
with the horizontal.

Through the development of formulae involving

release height above the floor, distance of rim center, and highest
point of arch, Bunn found that players should be shooting for the same
point in space to achieve the 45 degree angle of entry into the basket,
irrespective of the height of release. (20:54)
Recommendations For
Shooting Fundamentals
Cousy and Power stated that the optimum trajectory was that in
which the ball entered the basket at the highest possible angle with
the lowest possible velocity.
opening with a low trajectory.

The ball approaches a smaller rim
A high trajectory, however, increases

the velocity and decreases the accuracy despite the apparent larger
target.

The investigators felt the best rule to follow was to "just

drop the ball over the rim by using the natural flight of the ball. "
(8: 38)
Ahern and Williams, discouraging the use of a high arch because
of its resultant longer shot, found a medium trajectory to produce a
higher percentage shot. (1: 16)

Wooden advocated a medium arch (30:85),
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while Sharman recommended an arch of 35 to 45 degrees because this
seemed to allow the shooter better control. (25: 43)

Holzman recom

mended a high arch because the ball contacted the rim less forcefully
which increased the chances of bouncing in after contacting the rim.
(17: 18)
Schayes believed in slightly over-exaggerating the arch of the
shot.

He felt that, by elevating the arch, it increased the fluidity

of the shot along with capitalizing more fully on the basket opening.
(22: 60)
Hartley and Fulton, through their mechanical analysis of a jump
shot, concluded that shooting arches could be classified into flat,
medium, and high.

An arch which should be considered average was some

where between 55 and 60 degrees. (12: 126)

Buckley, in his jump shot

analysis, concluded that the path of the ball is an important factor
but that no one type of flight was the best. (5: 9)
Sharman stated that free throws have always played a vital part
in basketball, and as with other shots, the free throw attempt should
consist of a medium arch of 35 to 45 degrees. (25: 43)

Sweet, prefer

ring a non-symmetrical trajectory, recommended that the ball reach the
highest point of the arch at a distance two-thirds of the way to the
basket.

His rationale was that this arch allowed the ball to travel

the shortest possible distance while entering the basket at a desirable
angle. (27: 51)
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Literature Related to Cinerrato
graphical Techniques
Sports skills may be analyzed by c inematographical methods.
Angles and linear d istances can be obta ined by making spec ific measure
ments of the images on the photographs. (6: 312) (9: 5)
Hudson and Sebolt reported that parameters examined in one plane
require two dimensional data collection.

The three d imensional or

triaxial technique, a corrm1on sports analysis techn ique, is used when
two or more planes are being considered. (18: 42) (24: 183)
Cureton explained the procedure used to obta in measurements from
photographs.

He stated that angular measurement had the advantage of

requiring no multipl ier to obtain true size d imens ions from f ilm.
Linear d istances projected as images on a screen were usually not true
life size, and to make the correct ion, a multiplier or a known dimen
sion had to be applied to the projected image.

These measurements were

qu ite accurate if the pictures were clearly defined.

He also reported

perceptive errors in the visual f ield of the photograph were negligi
ble.

In photographing concrete objects, to assure accuracy, the camera

should be of sufficient distance in order to avo id magnif ication of
perceptive errors. (9: 6-8)
Barrow and Hmieleski reported that it is necessary to include
in photographic scenes a known d imension to serve as a reference
point.

Because both the known references and the objects measured

were affected equally by the factors, th is approach eliminated the
poss ib il ity of error occurring due to incorrect camera lens or faulty
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projection technique.

They also reported that cinematography made it

possible to obtain angular measurements of an object in motion, such
as a ball in flight. (3:357) (16:13)
Sport photographers described various techniques and types of
equipment for photographing athletic performances.

A widely used

camera was the 35 millimeter with or without the stroboscopic lighting
device.

According to Edgerton, et a1. , Zimmerman, and Barrow,

nrultiple-exposure pictures are very useful in analyzing sport skill
techniques. (3:255) (11:11) (31:56)
Various skills and body movements have been analyzed by using
cinematographical methods.

Anderson, Cohen, and several others used

cinenatographical methods in studying specific skills. (2:8) (7:7)

CHAPTER III
JVIETHODS AND PROCEDURES
Organization of the S tudy
The purpose of the present study was to cinematographically
analyze selected components of the free throw attempt in basketball.
The components were:

(1) angle of release, (2) angle of entry, (3)

trajectory height of the arch, (4) horizontal distance of the point
of release from the highest point of the arch, (5) horizontal distance
of the highest point of the arch to the front of the rim, and (6) the
height of the release.

Each subject attempted consecutive free throws

until 11 were successful while being photographed.

A trial was con

sidered successful when the ball entered the basket from above and
stayed in or passed through without previously making contact with the
backboard.
Twenty South Dakota State University Men's Varsity Basketball
Team players performed the trials.

Each subject attempted a group of

continuous free throws following a 10-minute warmup period.

The group

of trials was attempted until at least 11 trials were successful.
The measurements from the photographs of trials were analyzed
for the mean and the standard deviation of each of the measured compon
ents.

These calculations determined the optimal value and optimal range

for each component.

In order to determine if any relationship existed

between the components, a correlation analysis was conducted.

A dis

criminant function analysis was employed to determine the relationship
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between the selected components.

The point of aim in addition to the

entire season's competitive free throw shooting percentage for each
subject was also reported in order to gain a better understanding of
the subjects' shooting abilities.
Source of the Data
Subjects for the present study included 20 members of the Men's
Varsity Basketball Team at South Dakota State University.

The Men's

Varsity Basketball Team was selected because of the high level of
skills demanded.

It was anticipated that this selection would reduce

the amount of variability in performance which might have occurred
among players with lesser skill.

Subject characteristics are presented

in Table I.
Collection of the Data
The data for the present study were compiled through measure
ments taken from the photographs of each trial.

Each trial was

photographed by a Pentax, Model HlA, SLR 35 millimeter camera with a
55 millimeter focal length lens.
400 black and white.
lighting.

The film used was Kodak, Triax, ASA

Quartz Iodide lamps were used to provide the

The camera was mounted on a tripod 2. 46 meters (8 feet,

1 inch) above the floor.

As may be seen in Figure 1, the tripod was

positioned 10. 14 meters (33 feet, 3 inches) from the free throw lane
line and perpendicular to the line of flight, half the distance
between the free throw line and the basket.

A Daktronics portable
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TABLE I
SUBJECT CHARACTERISTICS

Subject
LN
SB

Age

Height

22

6 1 6 11

19

6'7"

22

BG

CM

21

RH

185 lbs.

3

21

6'4"

1

20

6'2"

6'4"

190 lbs.
175 lbs.

6'l"

170 lbs.

GT

18

6'2"

BD

18

6'0"

BA

22

6'10"

19
18

6' 4"

18

18

19

18

DF
JB

BPa

3

6'3"

18

TM

4

21

DW

BT

2

180 lbs.

18

JI

210 lbs.

6' 2"

DT

TJ

4

170 lbs.

20

PM

205 lbs.

5'10"

BPi

ss

Weight

Years of
Intercollegiate
Experience*

18

6'3"

6'l"

6'3"
6'7"

5'9"
6' 2"

6'3"

200 lbs.

200 lbs.

160 lbs.

170 lbs.
175 lbs.

165 lbs.

190 lbs.

210 lbs.
155 lbs.

180 lbs.
180 lbs.
180 lbs.

3
1

2

1

1
1
1
1

1

4

1

1
1
1

*Including the 1977-78 season.

332333
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ERSITY LIBRARY
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scoreboard, Model PS-47, was placed in each picture to identify each
tr ial.

According to Hudson, the parameters be ing examined in the

present study may be observed in only one place (the vertical plane) ,
which bisects the free throw l ine and the basket.

Accord ingly, only

two d imensional data were collected. (18: 42)

35 mm camera and tripod
D------10 . 14 m-------1amp
. 30
1.
from floor
!

Figure 1.

29 m
--- --....

D iagram of camera, tr ipod, and lamp placement.

The resultant negatives (see Figures 2 and 3) were projected
onto a screen by a Bell and Howell filmstrip projector, Model 724G,
with a tridar project ion lens.

The projector was located in the same

position (100.48 cent imeters vertically from the floor and 239.08
centimeters from the screen) throughout the analys is of all the nega
t ives.

The projection of the negat ives of all tr ials onto the screen

were measured through the use of a protractor and a metr ic ruler.

The

points measured and forrr�lae conversions are presented in Append ix A.
The angle of release and angle of entry were measured to the
nearest degree.
half centimeter.

Linear d istances were measured to the nearest one
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Figure 2.

Cinematographic example of a successful trial.

Figure 3.

Cinenatographic example of an unsuccessful trial.
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The angle of release (LR) was measured from a horizontal line
which bisected the styloid process of the radius for the right handed
shooter or the styloid process of the ulna for the left handed shooter.
The location of the styloid process was determined by palpation.

This

area was designated on the photographs by a contrasting nark covering
the styloid process.
of the angle.

The marking on the styloid process was the apex

The flight line of the bottom of the ball and the hori

zontal line bisecting the styloid process constituted the lines of
the angle to be measured.
The angle of entry (LE) was measured from the horizontal plane,
which was level with the basket rim.

The second ray of the angle was

the bottom of the ball during its flight.

The apex of the angle was

the point formed when the line of flight of the bottom of the ball in
tersected the horizontal plane. Cureton stated that angular measure
ment did not require a correction factor to obtain true dimensions and
could be scaled directly from a photograph with a protractor. (9: 6)
The height of release (Hr) was determined by measuring, on the
photograph, the vertical and perpendicular distance between the sty
loid process of the radius or ulna and a point on the horizontal line
which was level with the rim of the basket.

The quantity from the

photograph (l\,p) , was multiplied by the conversion factor (cnvf) and
subtracted from 305 centimeters (120 inches) , which was the known
height of the rim to the floor. The result of this computation equaled
the actual height of the point of release (Hr) .

The conversion factor

equaled 10.8 centimeters (4.25 inches) , which was the vertical height
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of the backboard divided by the vertical height of the projected back
board on the screen. (6: 315)
To obtain the height of release, the following forrrrula was used:
Hr = 305 cm - Hrp (l0.8 cm) .
The height of the highest point of the arch (Ha) was measured
from the horizontal plane line of the rim to the bottom of the ball.
This measurement from the photograph (Hap) was multiplied by the con
version factor and added to 305 centimeters, the known distance of
the rim to the floor.

The resultant value was the location of the

highest point of the arch (Ha) .

To obtain the height o f the highest point o f the arch, the

following formula was used:
Ha == Hap (l0. 8 cm) + 305 cm.
The horizontal distance between the release point and highest
trajectory point (D f) was measured from the point of release to the
point where a vertical and perpendicular line from the highest tra
jectory point intersected the horizontal plane line of the point of
release.

This measurement from the photograph, (D fp) was multiplied

by the conversion factor to determine the actual distance (Df) •
To obtain the horizontal distance between the release point and
the highest trajectory point, the formula employed was:
D f = D fp (l0.8 cm) .
The horizontal distance between the rim and highest trajectory
point (Dr) was measured from the front of the rim and the point which
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occurred when a vertical and perpendicular line from the highest tra
jectory point intersected the horizontal plane line of the rim.

This

measurement from the photograph (Drp) was multiplied by the conversion
factor to determine the actual distance (Dr) ·
To obtain the horizontal distance between the rim and the high
est trajectory point, the following formula was used:
Dr

=

Drp (l0. 8 cm) .

CHAPTER IV
ANALYSIS AND DISCUSSION OF RESULTS
The purpose of the study was to c inematographically analyze
selected components of the free throw attempt in basketball.

The or

ganization of the data for analysis, the analysis of the data, and a
discussion of the results are presented in th is chapter.
Organization of the Data for Analysis
S ix components of the free throw were selected for cinemato
graph ical analysis.

These components were the angle of release, the

angle of entry, the height of the arch, the horizontal distance of the
point of release from the highest point of the arch, the horizontal
distance of the highest point of the arch to the front of the rim, and
the height of the release.

A total of 363 trials were photographed.

These included 220 successful and 143 unsuccessful trials.

Mean scores

and standard deviation va.lues were calculated for all components.
An intercorrelation analysis was used to determine whether a
relationship existed between these components.

The . 05 level of con

fidence was chosen as the value required for sign if icance.
In order to determine the influence of each component in pre
d icting a successful trial, a d iscrim inant function analysis w ith
weighted values for each component was employed. (28: 4)

This approach

allowed for the isolat ion of each component, and a calculation of the
correct classif ication percentage.
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To gain a more complete understanding of the nature of shooting
abilities, the point of aim used by the subjects along with their
competitive free throw results for the entire season were recorded and
compared.
Analysis of the Data
Table II shows the mean scores and standard deviation values for
each component of the successful and unsuccessful trials.

It was ob

served that for the linear distances consisting of the horizontal
distance of the highest point of the arch to the front of the rim, the
height of the arch, the horizontal distance of the point of release
from the highest point of the arch, and the height of release (compon
ents 1 through 4) , the range of mean d ifferences was between 2.4 and
5. 4 centimeters.

The absolute mean values of the successful trials

were the largest for components 2, 3, and 4, while component 1 had the
largest relative distance.
The analysis of angles of release (component 5) revealed a
slightly higher angle (.8 of a degree) for unsuccessful trials than for
those that were successful.

The angle of entry (component 6) analysis

demonstrated a lower angle (.6 of a degree) for unsuccessful trials
when compared with those that were successful.
The standard deviation differences between successful and unsuc
cessful trials varied from 10.2 to 30.3 centimeters for the linear
distance components.
1.7 to 3.6 degrees.

For the angular distances the variation was from
The standard deviations and ranges of standard

TABLE II
JvIEAN VALUES AND STANDARD DEVIATIONS FOR EACH COMPONENT
Unsuccessful Trials

Successful Trials
Component
Mean+
Number Standard Deviation

Coefficient
of
Variation

Mean+
Standard Deviation

Coefficient Absolute
Relative
of
Mean
Mean
Variation Difference Difference

%

%

1 (cm)

132. 2+ 10 . 3

7.8

135.9:!:_21 . 7

16. 0

3. 7

2.8

2 (cm)

372 . 4+ 17. 2

4.6

368. 1+ 47 . 5

12 . 9

4.3

1.2

3 (cm)

200 . 7+ 15.3

7.6

195. 3

25. 5

13 . 1

5.4

2. 7

4 (cm)

233 . 8+ 10. 7

9.9

231. 4+ 30 . 3

13 . 1

2.4

LO

5 (deg. )

51 . 3+ 4.5

8.8

52 . 1+ 8 . 1

15 . 5

0.8

1.6

6 (deg . )

40 . 8+ 5 . 6

13 . 7

40. 2+ 7 . 3

18 . 2

0. 6

1.5

±.

Component No. 1 = Horizontal Distance of Highest Point of Arch from the Front of the Rim;
Component No. 2 = Highest Point of the Arch; Component No. 3 = Horizontal Distance of Point of
Release from Highest Point of the Arch; Component No. 4 = Height of Release; Component No. 5 =
Angle of Release; Component No . 6 = Angle of Entry.

I\)
I-'
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deviations of the four linear distance components during the successful
trials were smaller (10. 3 to 17. 2 centimeters) than during the unsuc
cessful trial attempts (21. 7 to 47. 5 centimeters) .

Similarly, both the

standard deviations and ranges of standard deviations of the angular
distance components during the successful trials were smaller (4. 5 to
5. 6 degrees) than during the unsuccessful trial attempt (7. 3 to 8. 1
degrees) .

The relative difference between successful and unsuccessful

trial attempts varied from 1. 0 to 2. 8 percent for the four linear dis
tance components, and 1. 5 to 1. 6 percent for the angular distance
components.

Component number 1 (the horizontal distance of the highest

point of the arch from the front of the rim) had the largest relative
difference (2. 8 percent) .
Relationship between selected components.

Table III shows the

correlation matrix for successful trials in each of the selected com
ponents.

A correlation coefficient of . 13 or higher was required for

significance at the . 05 level.

Except for the correlation coefficient

of component 3 (the horizontal distance of the point of release from
the highest point of the arch) with component 6 (the angle of entry)
(r = . 12) , all of the correlations were significant.
Discriminant function analysis.

Table N contains the order in

which each of the components were entered into the formula through the
use of the discriminant function analysis procedure.

The columns

designated successful trial and unsuccessful trial show the number and
percentage of trials identified in their respective groups.

For

example, for component number 3, 166 (75. 45 percent of 220) successful
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TABLE III
CORRELATION MATRIX FOR SELECTED COMPONENTS
Component

1

2

3

4

5

6

1
2

.84

3

.19

.49

4

. 83

. 88

. 44

5

• 75

. 82

.24

. 41

6

• 79

. 80

.12

. 64

. 78

r (.05 level of confidence, 219 d.f.) = .13
Component No. 1 = Hori.zontal Distance of the Highest Point of the Arch
to the Front of the Rim; Component No .. 2 = Height o f t he Arch; Compon
ent No. 3 = Horizontal Distance of the Point o f Release from t he High
est Point o f the Arch; Component No. 4 = Height of the Release; Com
ponent No. 5 = Angle of Release; Component No. 6 = Angle of Entry.

TABLE IV
PERCENTAGE OF CORRECTLY PREDICTED TRIALS AND ORDER OF ENTRY OF COMPONENTS THROUGH
THE DISCRIMINANT ANALYSIS PROCEDURE*
Component
Number

Group

Successful Tria 1

Unsuccessful Trial

Number of
Misclassifications

Percentage
Correctly
Identified

3
3

Successful
Unsuccessful

166 (75.45%)
66 (45.15%)

54 (24.55%)
77 (53.85%)

120

66.9%

1
1

Successful
Unsuccessful

145 (65.91%)
57 (39.86%)

75 (34.09%)
86 (60.14%)

132

63.6%

2
2

Successful
Unsuccessful

151 (68.64%)
43 (30.07%)

69 (31.36%)
100 (69.93%)

112

69.1%

5
5

Successful
Unsuccessful

164 (74.55%)
43 (30.07%)

56 (25.45%)
100 (69.93%)

99

72.790

6

Successful
Unsuccessful

164 (74.55%)
43 (30.07%)

56 (25.45%)
100 (69.93%)

99

72.7%

6

F Level Insufficient for Further Computation.

4

Component No. 1 = Horizontal Distance of Highest Point of Arch from the Front of the Rim; Component
No. 2 Highest Point of the Arch; Component No. 3 Horizontal Distance of Point of Release from
Highest Point of the Arch; Component No4 4 � Height of Rele�se; Component No. 5 � Angle of Release;
Component No� 6 = Angle of Entry .

=

=

*components are listed in descending order according to F value.

I\)

�
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trials were correctly classified as successful trials.

Fifty-four

(24. 55 percent of 220) successful trials were incorrectly classified
as unsuccessful tr ials.

In the unsuccessful group, 66 (46. 15 percent

of 143) unsuccessful trials were incorrectly identified as successful
tr ials and 77 (53. 85 percent of 143) unsuccessful tr ials were correct
ly identified as unsuccessful trials.
The nunilier of misclassifications represented in Table IV is the
result of adding those trials which were improperly classified for each
component of both the successful and unsuccessful groups.

For com

ponent nunilier 3, 54 successful trials and 66 unsuccessful tr ials were
incorrectly classif ied which combined for a total of 120 misclassifi
cat ions.
IV.

The correctly ident ified tr ials are also presented in Table

With knowledge of component number 3, 66. 9 percent (243 trials)

of the total 363 trials were correctly placed.
Following the entry of component number 1 into the discriminant
function analysis equat ion, 132 trials were misclassif ied and 63. 3 per
cent of the tr ials were correctly classified.

Adding component nunilier

2 to components 1 and 3, 112 trials were misclassified and 69. 1 percent
of the trials correctly placed into groups.

When the angular compon

ents (numbers 5 and 6) were considered together with components 3, 1,
and 2, 99 tr ials were misclassif ied and the percentage of correctly
identified trials was 72. 7 percent.

Seasonal shooting percentages.

Appendix B contains the actual

competit ive shoot ing free throw percentage for each subject throughout
the season.

The group of 20 subjects achieved an average season per-

centage of 66. 3 percent (399 successful free throws of 602 attempts)
under game cond itions.
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Preferred point of aim.
b y each subject are presented.

In Appendix B, the points of aim used
Of the total of 20 subjects, 11 (55

percent) used the front of the rim as the point of aim.

Five (25 per

cent) of the subjects cited the back of the rim , and 4 (20 percent)
of the subjects identified the center of the basket as their aiming
point.

The group which used the front of the rim as the point of aim

achieved a season percentage of 66. 0 percent (241 successful free
throws of 365 attempts) for free throws during actual game conditions.
The group utilizing the back of the rim experienced a success level of
68. 8 percent (97 successful free throws of 141 attempts) , and the group
employing the center of the basket attained a 63. 5 percent (61 suc
cessful free throws of 96 attempts) success rate for free throws during
actual competition.
Discussion of the Results
In conparing the successful and unsuccessful trials, the dif
ferences in the mean scores for the four linear components range from
2. 4 to 5. 4 centimeters while the two angles differ by less than one
degree.

The validity of this comparison is difficult to determine,

however, since as Hudson has explained, with only two dimensional data
being collected, the unsuccessful trials probably were unsuccessful
because of lateral displacement. (18:43)

With three dimensional camera

techniques (triaxial camera angles) , one may be able to further dif
ferientiate between the values of components for successful and unsuc
cessful trials.
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The mean angle of release for a successful trial was found to
equal 51.3 degrees.

This was within the range o f angles of release

(49 to 55 degrees ) recommended by Hay (15: 226 ) , but was in disagree
ment with the optimal angle of 58 degrees reported by Mortimer.
(19: 238)

It also is in contrast to the recommendations of Sharman

(35 to 45 degrees ) (25:43 ) , and Hartley and Fulton (55 to 60 degrees) .
(12: 126 )
The mean angle of entry for a successful trial was 40. 8 degrees.
This differed with the angle of entry found by Mullaney (45 degrees)
which was developed through mathematical calculations. (20: 54 )
Bunn stated that when the angle of entry o f a ball into the
basket was 45 degrees, 12 . 72 inches (70. 7 percent of the rim space)
were accessible as a target area, and at 30 degrees, 9 inches (50 per
cent of the rim space) served as the target space . (6: 254)

By using

the mean of the angle of entry of the successful trials and inter
polating with Bunn ' s findings, for 40. 8 degrees, 11. 68 inches (64. 9
percent o f the rim space ) formed the available target area.
Central tendency and variability of linear components.

The re

sultant means of the four linear components for the successful trials
included the following:

(1 ) 132. 2 centimeters (4. 337 feet) for the

horizontal distance of the highest point of the arch to the front of
the rim ; ( 2) 372. 4 centimeters (12. 218 feet ) for the height o f the arGh ;
{3) 200. 7 centimeters (6.58 feet) for the horizontal distance of the
point o f release from the highest point of the arch ; and ( 4 ) 233. 8
centimeters ( 7 . 67 feet ) for the height of the rel ease.

The horizontal
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d istan c e of the h ig he s t poin t of

the

arch to the fro n t of the rim

(132. 2 c ent imeters or 4.337 f e e t) add ed

to

the horizontal di s tan ce of

the po int of r e lea s e from the high e s t poi n t of t he arch (200. 7 cen ti
me te rs or 6. 58 fe e t) should
from

t he

fr e e throw l ine

or 13 fee t) .

e qual t he

to

horizo n tal dis ta n c e of

th e fro n t of

t he

trial

r im (396. 04 centim e t ers

How ever, the m e an s of th e se two compo n e n ts

c en t ime ter s (10. 92 feet) .

th e

total

322. 9

Th e di s ta n c e remain in g, 63. 14 c e n t imete r s

(2. 07 f e e t) would appe ar to be th e location b e yon d the fr e e throw line
a t which

t he

subj e cts actually r e l e a s ed the ball.

Error i n measurem e n t

migh t al s o hav e co n tr ibuted to thi s d iscrepan cy.
Sweet recorrm� n d e d that the ball reach

th e

highe s t point of the

arch 66. 67 perc en t or two-third s of th e distance to
This clos ely parallels the fi n ding s of the pre s en t

t he

bask e t. (27:51)

s t udy,

wh e n it was

obs erved that th e high e s t poi nt of the arch for th e successful trial s
re ached it s z en i t h at a location 66. 62 p e rc e nt of
fr e e throw li n e

to

t he

d istan ce from the

fro n t of the rim.

The absolu te m e a n value s w e r e the larg e st for trial comp o ne n t s
2, 3, and 4.
of

t he

Compo ne n t 1 (the hor izo n tal di s tance of th e highest poi n t

arch from the fro n t of

rela t ive diff e renc e b e twe e n

t he

rim) , however, exhibit e d

s ucc e s sful

and u nsuccessful

apparen t diff e rence i n trial s may b e attributed to
s i s ten cy,

i n mea s ured horizontal dis tan ces,

t he

the

th e

greate s t

tr ials.

This

relativ e incon

ball r e ache s its z enith

in the traj e c tory.
R e lationship be tw e e n

t he s e l e ct e d

compo n e nts.

Th e i n ter-

correlat io n ma trix refl e ct s only one i nsignificant relatio n s h ip amo ng
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all of the variables (the horizontal distance of the point of release
from the highest point of the arch and the angle of entry) .

This in

significant correlation na y be due to error in accurate identification
of the anatomical landmark (styloid process of the ulna or radius) as
projected on the screen for analysis.
Classification of successful trials.

The analysis of the clas

sifications of components into either successful or unsuccessful trial
groups appear to indicate that knowledge of the horizontal distance of
the point of release from the highest point of the arch is the best
collective predictor of free throw performa nce from among those in
vestigated in the present study.
The component of the horizontal distance of the point of release
from the highest point of the arch alone enabled one to correctly
classify 66. 9 percent of the trials.

The independence of this com

ponent was refle cted by its yielding the five lowest correlation coef
ficients ( • 19, • 49, • 44, • 24, • 12) as shown in Tab1 e II I •
When the horizontal distance of the highest point of the arch
to the front of the rim was considered together with the horizontal
distance of the point of release from the highest point of the arch,
63. 6 percent of the trials were correctly predicted.

This 3. 6 percent

decrease in percentage could be due to the r elatively low relationship
(r = . 19) between these two components.
After the component of the height of the arch was taken into
consideration with the horizontal distance of the point of release from
the highest point of the arch, and the horizontal distance of the
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high e s t p oint of th e ar ch

to the

fr on t of th e

c e n tage inc r eas e d by 5. 5 p e r c en t.
pe r c entag e

of

69. 1 p e r cent.

On e

z o n tal dist anc e pass e d
Th e r e for e , as

the

ov er

valu e

th e

This resul te d in a
e xplana ti o n

dic ti o n p er cen tag e migh t be that

rim,

thes e

f or

th e

to

c omp on e n t changes th e

pr ediction

total

improv ed p r e 

c omponen ts c omprise

by th e ball in fligh t

o f on e

pr edic ti o n pe r

th e

h or i

the t ar g et.

r e ach
o the r s

will adjus t

pr o p o r ti ona tely.
Th e c o nclusion
p oint

of

r e leas e fr om

pr e dic ting a
ing
of

to

t rial

Huds o n

heigh t

th e

tha t the
th e

highe st p oin t

rim,

of

o f r e l e as e

to

th e

th e

c e nt er of

sh o o ting accur acy
aiming.

the arch is

of

th e

o f th e

as a

o p er a t i o nal

hav e aff e c te d th e accuracy

r esul t o f
tha t

using any

a p oint

f o r s om e

o f th e

of

of

of
t he

subj e c ts'

o f the

of

t h e thr e e types

o th e r than thos e

subjects.

th e

m e asur em e nts

The pr ecis e l o cation

aim

o f the

a lig ht backgr o und during th e filming r e duced
of

to the

o ne

p er centag e s a 5. 3 perc e n t diff er enc e in

T he cin emat o g r aphical m ethods used in

p oin t

in

Acc o r d

rim, th e back

Comparing this

bask et.

thr o w

o ccur r e d

id e ntifi e d migh t b e

e st

e ff e ctiv e

aim (Appe ndix B) was g r o up e d int o

This c o u l d indica te

fligh t path.

o f th e

subj e c t h eigh t. (18 : 107)

ca t egor i e s; these included th e fr o nt
and

dis t anc e

b e s t pr e dict o r of a sh o o t e r ' s accur acy is th e ra ti o

ac t ual c omp e ti tiv e fr e e
of

h orizo n t al

is in disag reement wi th Huds on ' s findings.

Th e pr e f err ed p oin t
three

c omponen t

pr e s e nt s tudy c o uld

of
th e

th e c omp on e nts.
clarity of

the

Using
ball ' s

s tyl o id proc e ss and th e high

th e arch w er e difficult t o de t ermin e during the p h o t o-

g r aphic analysis.
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If a similar investigation is attempted, the investigator re
commends a more distinct method of marking the stylo id process, a gr id
for component location purposes during the measurement process, and a
darker background during the photographing of each trial.
On the basis of the results of the present study, the investi
gator fa iled to reject the first hypothesis which stated that there is
a significant correlation between any of the components which were
c inematographically analyzed.

Correlations were signi ficant for all

components with the exception of components 3 and 6 (the horizontal
distance of the point o f release from the highest point o f the arch and
the angle of entry) .

The low correlation may be attributed to measure

ment error.
The present investigator also fa iled to reject the second
hypothesis, which stated that combinat ions of the components selected
for analysis can be used to predict a successful shooting performance
beyond random fluctuation.

Knowledge of component number 3, (the

horizontal distance of the point of release from the highest point of
the arch) enabled the present investigator to accurately predict the
outcome of free throw attempts at a rate of 66.9 percent.

CHAPTER V
SUMfvlARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary
The purpose of this study was to cinematographically analyze
selected components of the free throw attempt in basketball.
ponents analyzed were:

The com

(1) angle of release, (2) angle of entry,

(3) height of the arch, (4) horizontal distance of the point of re
lease from the highest point of the arch, (5) horizontal distance of
the highest point of the arch to the front of the rim, and ( 6) the
he ight of the release.
Twenty South Dakota State University Men's Varsity Basketball
Team members each attempted a group of continuous free throws until
at least 11 trials were successful.

Negatives from photographs of

both successful and unsuccessful trials were analyzed to determine the
mean and standard deviation values for each component.

After a cor

relation analysis was conducted to determine whether any relationships
existed between the components, a discriminant function analysis
procedure was employed to determine which components could be used to
predict a successful trial.
The correlation matrix revealed that all except two components
were significantly related.

The horizontal distance of the highest

point of the arch to the front of the rim was found by the discriminant
analysis to successfully predict 66.9 percent of the trials.
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C o nclusions
Within the limitati ons

of

this study, the f o ll o wing c onclusions

seem warranted.
1.

Of the 15 possible c orrelati o ns between the c o mponents

analyzed, 14 were significant.
2.
measured.

Six c o mponents
Kn owledge

of

o f o ne

the free thr o w traj ectory were
c o mponent, the h o rizontal distance of

the point of release fr o m the highest p oint of the arch, can be used
t o predict the outcome
of

of

free throw attempts at an accuracy level

66. 9 percent.

Implicati o ns
I t appears that with fur ther research of attempted trials from
vari o us distances from the ba s ket, a formula of linear dis tances could
be devel o ped to facilitate improvement in bas ketba ll shooting pr o
ficiency.

By using the three comp o nents consisting

of

the horiz o ntal

distance of the highest p oint of the arch to the rim, the h o rizontal
distance of the highes t p oint of the arch fr o m the p oint
and the height of the arch, a f ormula consisting

of

of

release,

ratios might be

developed which c o uld be used t o determine the linear values

of

these

components f or a field goal attempt from a given distance.
A teaching device might als o be developed which c ould be
p o sitioned at a point determined by the prediction fornrula.

This device

c ould enable the s tudent to gain greater insight relative t o proper ball
flight when perf a r ming the skill of basketba11 sh ooting.
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Recommenda tions
Based on the f ind ings of the present invest igat ion, the following reconm�ndations are proposed for further study.
1.

That a similar study be conducted to a na lyze f ield goal

shooting at va rying d ista nces.
2.

That a similar study be conducted which tests the accuracy

of formulae which might be developed to predict ball fl ight through
data a cquired in the present study.
3.

Tha t a similar study be conducted using tria x ial cinemato-

graphy to determine la teral dev ia t ions of the ball flight in unsuccessful shots.
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APPENDIX A
Cinerra tographic Measures and Formulae for Calculation of
Selected Components of Ball Flight

....

-

''
305 cm

Measurements from Photograph.
R = Angle of Release.
E = Angle of Entry.
Hrp = Height of Release as measured from photograph.

Hap = Height of highest point of Arch as measured from photograph.

Dfp = Horizontal distance of H a to the Point of Release as measured
from photograph.
Drp = Horizontal distance of H a to the Front of the Rim as measured
from photograph.
Formulas:

actual height of backboard
cnvf = projected height of backboard on screen = 10 . 8 cm.

8r

= 305 cm - H rp (cnvf)
Ha = Hap (cnvf) + 305 cm
Df = Dfp ( cnvf)

Dr = D rp ( cnvf)

APPENDIX B
MEAN VALUES FOR SELECTED COJvlPONENTS FOR EACH SUBJECT LISTED ACCORDING TO PREDICTION PERCENTAGE
Subj ect
LN
SB
BG
CM
RH
BP i

ss

DI
PM
DW
TJ

GT
JI
BD
BT
BA

TM

BPa
DF
JB

Mea n of
Component
No . 1
141 . 45 cm
121 . 00 cm
136 . 27 cm
1 27 . 72 cm
131 . 36 cm
131 . 18 cm
121 . 00 cm
142 . 09 cm
131 . 18 cm
124 . 09 cm
139 . 82 cm
1 22 . 72 cm
134 . 36 cm
1 22 . 09 cm
133 . 09 cm
154 . 55 cm
129 . 09 cm
1 1 5 . 91 cm
143 . 55 cm
141 .46 cm
Group Mean =
132 . 20 cm

Mea n of
Component
No . 2

Mea n of
Component
No . 3

382 . 64 cm 201 . 64
356 .46 cm 208 . 55
375 . 00 cm 1 94 . 64
364 . 64 cm 215 . 1 8
364 . 00 cm 202 . 00
368 . 91 cm 202 . 46
355 . 1 8 cm 204 . 55
389 . 00 cm 203 . 64
369 . 18 cm 208 . 27
358 . 1 8 cm 21 2 . 09
388 . 82 cm 1 99 . 73
358 . 36 cm 209 . 00
373 . 73 cm 1 95 . 82
364 . 36 cm 203 . 46
373 . 36 cm 200 . 09
405 . 36 cm 1 65 . 18
368 . 91 cm 177 . 91
353 . 91 cm 207 . 55
383 . 82 cm 202 . 09
403 . 55 cm 1 99 . 64
Group Mean = Group
372 .41 cm 200 . 66

Pred iction
Perc enta ge
%

cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
cm
Mean =
cm

63 . 3
56 . 7
59.0
36 . 7
46 . 0
61 . 8
70 . 9
59 . 6
48 . 8
56 . 2
64 . 9
70 . 1
60 . 1
67 . 1
65 . 9
45 . 7
56 . 7
65 . 5
55 . 4
70 . 7

Po int of
A im
Front o f Rim
Front o f Rim
Front o f R im
Ba ck o f R im
Center o f Ba sket
Front of Rim
Ba ck of R im
Front of Rim
Ba ck o f R im
Front of Rim
Front o f R im
Front of R im
Front of Rim
Center o f Ba sket
Front o f R im
C enter o f Ba sket
Ba ck of R im
Front o f Rim
Ba ck of Rim
Center of Ba sket

Actua 1
Shootini
FT-FIA

Competit ion
Percenta g e

52-94
95- 1 15
26-41
91-130
29-39
35-54
4-9
1-2
0-0
7-12
11-19
0 -0
0-2
2-3
5-13
29-51
0-0
9-13
2-2
1-3
399-602

55 . 3
82 . 6
63 . 4
70 . 0
74 . 3
64 . 8
44 . 4
50 . 0

%

oo . o

58 . 3
57 . 9

oo .o
oo .o

66 . 6
38 . 5
56 . 8

oo .o

69 . 2
100 . 0
33 . 3
66 . 3

Component No . 1 = Hor izonta l D istance of Highest Point of Arch from the Front of the Rim ; Component
No . 2 = Highest Po int of the Arch ; Component No . 3 = Hor i zonta l D ista n c e of Po int o f Rel ea s e from
Highest Po int of the Arch .
*FT - Free Throws
FIA - Free Throws Attempted .

